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THERITAL  INACTIVATION  OF  VIRUSES 


The  thotnal  rcs.i8t.-\nce  of  virus  in  foods  lu  iJit'oH  >v  the 
presence  of  protective  af^enta  that  reduce  the  lethal  effect  of  heat  on 
the  viruses  at  tenperatures  below  60  C In  addition,  when  solid  foods 
are  processed  heat  transfer  is  by  conduction, and  the  required  internal 
temperatures  must  be  attained  to  effectively  inactivate  viral  contaminants. 

In  Table  1 some  of  the  character of  anir’-^l  vlrusori  aro 
denicted.  The  various  families  have  been  seoarated  by  their  buovant  Hon  ■ 
slties  and  are  listed  alpliabotlcally > The  families  11  throu**!!  15  have  been 
separated  and  also  listed  alphabetically.  This  same  system  was  used  to  de- 
pict the  information  published  In  the  literature  pertaining  to  the  familial 
resistance  of  viruses  in  laboratory  media  and  in  foods. 

Examination  of  the  data  shown  in  Tables  2 and  3 indicate  that 
the  vast  aa.lority  of  virj^sea  within  the  various  families  are  Inactivated  at 
temperatures  of  about  60  C or  less.  This  literature  rt'vlew  on  v>ral  in- 
activation indicates  that  resistance  to  thermal  denaturatlon  appears  to  be 
restricted  to  viruses  within  the  last  five  families  depicted  in  Table  1. 
Greater  resistance  to  temperature  inactivation  has  been  reported  for  the 
parvoviridae,  the  papoviridae  and  the  oicornavirldae.  The  adenoviridae 
and  the  reovlridac  appear  to  be  only  6li;>htly  more  resistant  to  thermal 
inactivation  than  the  first  ten  families.  Only  the  parvovlridae  and  the 
plcomaviridae  contain  sufficient  numbers  of  viruses  to  be  of  importance 
ill  studies  on  viral  tl  ermal  inactivation.  The  ;*reatest  number  of  viruses 
of  nubile  health  importance  .are  in  the  famllv  of  plcornavlridae . At  the 
nresent  tine  the  exact  position  in  the*  c.lassif Icat'cn  system  of  the  hepa- 
titis and  (^astroentertltls  viruses  is  not  Knoi^  but  nrobabW  thev  will  be 
included  In  the  parvovlridae  or  the  picornaviridue. 

The  thermal  inactivation  data  published  in  the  literature  have 
been  concerned  chiefly  with  inactivation  of  hi.ah  titers  of  viruses  in  fluid 
preparations.  There  is  preat  variation  in  the  techniques  and  procedures 
used  to  evaluate  the  thermal  resistance  of  viruses.  In  the  maiority  of 
studies  the  viral  suspensions  were  heated  In  test  tubes  that  were  held  in 
constant  temperature  water  baths.  In  some  cases  the  viral  suspensions  were 
nixed  in  an  attempt  to  equalize  the  temperature  in  the  suspending  media.  In 
addition,  a number  of  containers  were  used  to  process  the  virus  suspensions 
such  as.  capillary  tubes,  ampules  an'’  vary  in'*  tyi  e.s  of  flasks  and  bottles. 

It  has  been  our  experience  that  in  evaluatin'*  the  thermal  resistance  of 
viruses  that  even  distribution  of  the  heat  occurs  only  when  the  viral  .'u. 
pension  is  procassed  in  ampules  or  capillary  tubes  chat  are  submerped  in  a 
constant  temperature  bath,  l/hen  other  tvpes  of  non-submerped  containers  are 
utilized,  there  is  uneven  distribution  of  the  heat  and  nossible  contamins- 
tion  of  the  heat  processed  fluids  by  viruses  surviving  on  the  walls  an'l 
closures  of  the  vessels.  Such  cont  i an.-'tion  rviy  be  interpreted  as  apoazent 
survival  of  low  level  virus  after  the  ^c.^t  treatment  process  In  some  cases 
these  viruses  are  not  detected  bv  cell  culture  systems  btit  were  observed 
when  animal  inoculation  w.ns  utlllaed.  It  is  possible  that  free  virus  micl'tc 
acid  nay  have  been  the  cdusative  ap.cnt  in  some  of  the  reported  virus  per- 
sistence papers,  especially  when  the  heat  treated  preparation  was  injected 
into  an  animal . 


In  Table  4 a nu-iber  of  substances  are  listed  that  have  a protec- 
tive effect  on  viruses  x^hen  low  tertoeratures  (40  to  60  C)  are  used  in 
thermal  inactivation  studies.  In  addition,  this  nrotectlvc  effect  has 
been  observed  with  other  substrates  such  as  serum,  ice  cream  nix  and  other 
high  protein-carbohydrate  containing  susnensions.  It  has  been  shown  that 
with  higher  temoeratures , in  excess  of  60  C,  the  nrotective  effect  on  the 
virus  decreases  significantly.  '?hen  virus  susnens  .ons  containing  less  than 
10^  partlcles/ml  are  processed,  normal  inactivation  occurs  in  a short  period 
of  tine  at  tenperatures  of  60  to  70  C and.  apnear  to  be  inactivated  at 
relatively  the  same  rate. 

On.ly  a limited  number  of  viruses  Iiave  been  reported  to  have  ex- 
tremely high  thermal  resistance.  These  viruses  are  foot-and-mouth  disease 
virus,  hepatitis  "A"  (infectious  hepatitis),  hepatitis  "B"  (serum  hepatitis) 
and  the  limited  number  of  viruses  in  the  papova  and  parvo  virus  families. 

In  the  reported  foot-and-mouth  disease  studies  a monber  of  investigations 
were  performed  using  high  titers  of  viruses  and  in  the  malorlty  of  investi- 
gations tubes  or  bottles  were  used  to  process  the  suspension  in  the  water 
bath.  Apparent  survival  of  low  levels  of  viruses  is  possible  with  this  pro- 
cedure. Only  limited  or  no  viruses  were  reported  to  survive  the  heat  proces- 
sing of  foods  naturally  contaminated  by  foot-and-mouth  disease  virus.  Ex- 
pected virus  levels  in  naturally  infected  animals  are  shown  in  Table  5.  Ile- 
search  in  the  Food  and  Drug  Administration  laboratories  in  Cincinnati indicates 
that  virus  levels  of  this  magnitude  were  inactivated  by  tenperatures  less  than 
those  required  for  pasteurisation  of  ice  crean  mix  (6". 3 C for  30  nln  or 
79.4°  C for  25  sec). 

The  reported  thermal  Inactivation  data  on  the  hepatitis  viruses  are 
United.  In  most  cases  viruses  of  unknoxm  titer  wer^x  heat-treated  in  blood 
or  blood  components  in  an  attempt  to  Inact.lvate  viruses,  and  iafectivity  was 
determined  by  human  or  primate  feeding  or  inoculation  studies.  In  one  series 
of  studies  using  henatitls  "A*'  in  marmoset  serum  a temperature  of  60  C for 
one  hour  uas  not  sufficient  to  prevent  infectlvity  in  marmosets  injected  with 
the  heated  product,  ’■'hen  the  same  virus  was  suspended  in  water  ard  heat  pro- 
cessed, a reduction  in  Infectivity  was  reported  for  the  same  tirae-tenrjerature 
process.  Because  of  the  limitations  In  the  reported  data  and  the  scarcity 
of  information,  the  thermal  resistance  of  hcp.atltis  viruses  is  presently 
unknown . 


It  is  possible  that  viral  persistence  may  occur  in  heat  processes 
using  long  time-temperature  procedures  such  as  cooking  solid  foods  where 
periods  of  hours  are  required  to  reach  internal  temperatures  of  60  C. 

Some  viruses  that  could  be  present  in  animal  foods  are  shoxm  in  Table  7. 

If  viral  protfective  agents  are  present  in  food,  the  lethality  of  the  heat 
treatment  process  at  levels  below  60  C may  have  op]y  a slight  effect  on 
the  viruses, and  the  actual  kill  will  coTnrtence  only  at  temperatures  above 
the  60  C.  This  could  cause  persistence  of  viruses  In  the  food  unless  such 
considerations  are  made  in  determining  the  total  food  process,  and  the 


lethality  Is  calculated  for  tlv*  time** temperature  process  after  reaching 
the  60^  C level. 

All  the  reported  thermal  inactivation  data  have  been  incor- 
porated into  Figure  1.  Because  of  the  variation  in  the  inactivation 
rates  of  the  different  viruses,  a range  of  inactivation  data  is  shown. 
Normal  virus  concentratlotis  expected  to  be  encountered  in  food  should 
be  inactivated  at  the  tlme-tenperature  points  shown  in  the  figure.  Only 
limited  virus  inactivation  data  have  been  reported  in  solid  foods  and 
consideration  of  this  deficit  was  given,  as  well  as  the  questionable 
persistence  of  some  viruses,  when  the  data  were  used  to  plot  the  solid 
food  slope.  This  slope  is  close  to  that  of  the  USPHS  Pasteurization 
Standard  for  ice  cream  mix. 

Thermal  inactivation  of  viruses  la  directly  related  to  th< 
chemical  coiiq>osltlon  of  the  particle.  The  major  organic  constituents 
changed  by  temperature  are  lipids,  proteins,  and  nucleic  acids.  The 
density  of  the  particle  is  related  to  the  varying  compositions  of  the 
three  orgvinlc  constituents.  Particles  containing  lipids  or  lipid 
complexes  will  teru  to  be  more  buoyant  than  particles  composed  of 
carbohydrate,  prcteln,  and  nucleic  acids. 

Low  temperature  (20^  to  35*^  C)  inactivation  of  viral  Infec- 
tivity  is  dependent^upon  disruption  of  the  nucleic  acids.  At  higher 
temperatures  ( > 50  C) , Inactivation  Is  due  to  denaturation  or  dis- 
ruption of  the  proteins  of  the  virus  particle. 

The  nucleic  acids  present  in  the  virus  are  of  two  types: 
ribonucleic  acid  and  deoxyribonucleic  acid.  In  a minority  of  the 
cases  the  nucleic  acid  may  be  double  stranded.  The  nucleic  acid  is 
highly  resistant  to  thermal  inactivation  at  high  temperatures  for 
short  periods  of  time.  However,  the  nucleic  acid  molecule  is  dis- 
rupted gradually  at  low  temperatures  over  relatively  long  time  spans. 

Sotae  of  the  thermal  characteristics  of  nucleic  acids  are 
shown  in  Table  6.  In  the  case  of  the  WJA  contatnlng  viruses,  nucleic 
acid  inactivation  is  probably  due  to  breakage  of  the  phosphate  bonds, 
Vhereas,  in  the  case  of  the  DNA  containing  viruses,  inactivation  is 
due  to  cleavage  of  the  purine  or  pyrimidine  bases  of  the  nucleic  acid 
coiq>lex.  At  low  temperatures,  DNA  is  about  30-fold  more  resistant 
than  the  RNA.  In  Figure  1 Inactivation  of  the  RNA  occurs  in  a 
period  of  13-25  hours,  whereas . the  DNA  Inactivation  requires  13-35 
days.  Complete  inactivation  is  dependent  on  the  viral  titer:  the 
higher  the  nucleic  acid  content  - the  longer  the  period  of  time  neces- 
sary for  inactivation.  At  teii5>eratures  of  approxl.tately  30  - U5  C 

it  is  possible  to  Inactivate  nucleic  acid  with  little  apparent  de- 
naturation of  the  protein  containing  units  of  the  virus  particle. 

Little  Inforoiatlon  is  available  pertaining  to  resistance  of  single 
stranded  nucleic  acid  as  compared  to  double  stranded  nucleic  acid. 
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However,  it  appears  that  the  comple::  structure  of  the  double  stranded  DUA 
is  more  resistant  to  disruption  than  is  single  stranded  DNA,  and  double- 
stranded  RHA  is  more  heat  sensitive  or  equivalent  to  that  of  the  single- 
stranded  RHA. 

Virus  particles  whose  outer  surface  contain  envelope  structures 
are  susceptible  to  mechanical  in.iury.  Such  -lar tides  appear  to  be  very 
sensitive  to  thermal  inactivation.  In  many  cases  the  envelope  is  composed 
of  lipid  complexes,  ^fliether  loss  of  infcctivity  is  due  to  a mechanical 
injury  of  the  envelope  or  to  a change  in  protein  or  lipid  structures  is 
at  present  unknown. 

; Viruses  with  protein  outer  surfaces  are  thermally  inactivated  by 
denaturatlon  of  the  protein  that  occurs  at  higher  temperatures.  In  some 
cases  the  coat  is  ruptured  and  the  nucleic  acid  is  liberated  into  the 
medium.  A certain  percentage  of  particles  entrap  the  nucleic  acid  in  the 
core  as  the  protein  components  on  the  surface  are  denatured.  This  parti- 
cle has  lost  its  ability  to  attach  to  the  cell  due  to  disruption  of  the 
structural  integrity  of  the  attachment  site.  However,  these  particles 
still  containing  nucleic  acid  may  enter  into  the  cell  system  by  some  me- 
chanical process  such  as  pinocytosis  j*  or  some  other  means  of  engulfment, 
and  the  nucleic  acid  may  be  liberated  within  the  cell  and  infection  occurs. 

It  has  been  demonstrated  that  the  nucleic  acid  from  a suspension 
of  virus  particles  is  liberated  into  the  medium  during  a thermal  inacti- 
vation process.  If  nucleases  are  present,  the  nucleic  acids  are  rapidly 
inactivated.  However,  in  the  absence  of  nucleases,  the  liberated  nucleic 
acid  is  infectious.  Laboratory  studies  have  shown  that  demonstrated  in- 
f activity  by  nucleic  acid  is  2 to  4 logs  less  sensitive  than  that  of  the 
intact  viroid.  Thus,  10^  virus  particles  may  be  inactivated  but  infec- 
tivlty  is  still  demonstrated  in  the  cell  or  animal  system  because  of  the 
low  level  infectivity  of  the  free  nucleic  acid. 

The  thermal  process  used  to  inactivate  enzymes  in  foods,  not 
less  than  73  C or  more  than  77  C,  probably  will  be  greater  than  that  re- 
quired to  inactivate  viruses.  In  Figure  1,  a 3D  virus  inactivation  pro- 
cess is  depicted.  If  a 12D  process  is  required,  the  slope  will  approach 
the  USPHS  pasteurization  standard  for  ice  cream  mix  when  high  temperatures 
are  used.  At  low  temperatures  («60  C)  longer  time-temperature  processes 
will  be  needed  to  inactivate  the  viruses  than  is  required  by  the  pasteuri- 
sation standard. 
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Arenavlridae 

1.18^^^ 

RNA, 

SS 

^(b) 
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2. 

Bunyavlrldae 

1.20-1.23 

RNA, 

SS 

,(c) 

+ 

i 

3. 

Coronavlrldae 

1.19-1.23 

RNA, 

SS 

- 

+ 

1 

4. 

Herpetovlrldae 

1.27-1.29 

DNA, 

DS 

+ 

+ 

1 

f 

r 

5. 

Orthonyxovlrldae 

1.17-1.20 

RNA, 

SS 

- 

+ 

i 

6. 

Paranyxovl rldae 

1.21-1.24 

RNA, 

SS 

+ 

1 

k 

f 

1 

7. 

Poxvlrldae 

DNA, 

DS 

+ 

8. 

Ret rovl rldae 

1.16-1.18^^^ 

RNA, 

SS 

+ 

+ 

i 

r 

9. 

Rhabdovlrldae 

1.20 

R.4A, 

SS 

- 

+ 

1 

k 

10. 

Togavlrldae 

1.25 

RNA, 

SS 

+ 

+ 

\ 

11. 

Adenovl rldae 

1.33-1.35 

DNA, 

DS 

- 

- 

i 

12. 

Papovavl rldae 

1.34 

DNA, 

DS 

- 

- 

[ 

13. 

Pa rvovl rldae 

1.38-1.46 

DNA, 

SS 

- 

- 

; 

14. 

Plcomavlrldae 

1.32-1.41 

RNA, 

SS 

- 

- 

15. 

Reovlrldae 

1.31-1.38 

RNA, 

DS 

- 

- 

+ present;  - absent 
(1)  In  sucrose  gradient 

Abbreviations:  RNA- ribonucleic  acid,  DNA-deoxyribonuclelc  acid, 
SS-single  stranded  and  DS-double  stranded. 
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Table  2.  Virus  thermal  inactivation,  (contd,) 
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Table  2.  Virus  thermal  Inactivation  (contd 
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Table  4.  Agents  modifying  virus  thermal  inactivation 


Virus 


Remarks 


Reference 


Poliovirus 
Poliovirus  1 
Polioviruses  1,  2,  3 


Mg-I-I-  stabilized  virus  at  45*^  C 

Cations  stabilized  virus  at  45*^  C 

nj5Cl2  stabilized  virus  during  storage  at  4° 


Ackerman 
Fu.lioka 
C l ie  Ini  ck 


Polioviruses  1+2 
Echo  6 and  7 
Coxsackie  B-5 


Reduced  sulfhydryl  groups 
Stabilized  viruses  to  Inactivation 
At  less  than  50*^  C 


Halsted 


Poliovirus  1 


Poliovirus  1 


L-cystlne  stabilized,  5 different  stocks  Pohjanpelto 
of  virus  to  temperatures  below  50  C 

Elemental  sulfides  (tetrasulfide)  Pons 

Stabilized  virus  against  inactivation 
at  50°  C 


Poliovirus  1,  2,  9,  3 
Coxsackie  A-9,  li  -3 
and  Echo-1 
Echo- 3,  6 and  19 


50  yg/nl  of  L-cystine  stabilized  viruses 
500-2500  yg/ml  stabilized  of  the  viruses 

No  stabilization 


Echo—  32 
Poliovirus  2 


MgCl^  stabilized  virus  at  50°  C 

0.1  11  NaCl  at  56°  C for  1 hr  6 log  drop 
in  infect ivity 

2.0  M NaCl  at  56°  C for  1 hr  2 log  drop 
in  Infectlvity 


Pch.iannelto 


Branch e 
Speir 


Rhino viruses 
and  Enteroviruses 


IlgCl-  less  effectively  stsbilized 
Pvhlnoviruses  at  50°  C 


Dimmock 


Simian  virus  SV-2 
Herpesvirus  (JES) 


MgCl^  stabilized  virus  at  50°  C lleberling 

Na.SO,  and  Na.HPO,  stabilized  at  50°  J Wallis 

2 4 2 4 

llgCl^,  MgSO^,  KH^PO^,  2 IKCl  or  NaCl  did  not 
stabilize  virus 

Very  thermosensitive  in  Isotonic  salt  solution 
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Table  4.  ARents  r>orlt€yinR  vims  tliarnai  Inact.lvntloii  (contc’.) 


Virus  Icmrics  ‘ •.'.eferenc.e 


•\h  aI)  o viriise  s 

KDTA  and  serun  denonstrated 
protective  effect  on  virus  at 

37  .0.11-1  .5r”  G 

vMichalski 

?TewcastlG  disease 

Casein  protected  virus  at  C 

did  not  protect  virus 

hal left  ter  cun 

Tick-bonie 

encephalitis 

T'^onovalent  metallic  cations 
stahJJ  virus  at  C 

Mayer 

)X.l:\  viruses 

lot  stabillr:od  by  div:i1ciit  cations 

.'eo'^'.Lrus 

^•tabilj  jsed  by  cll valent  cations 

■iallis 

Vesicular 
exant chona 
of  swine  ' 

llo  cat.tonic  stabilisation  at  C 

cha3:acteristic  of  husian  enteroviruses  only  i 

r.ee 
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Table  5.  Naturally  occurring  vlrua  concentratlona  In  Food  Animal  Products 


Vlrua 

Titer 

Remarks 

Reference 

Foot^and-nouth 

10^ 

In  serum,  bovine 

Burrows 

Dlaaasa  virus 

IOA.5.5.3 

Pharynx 

(FMDV) 

103.>5.2 

Milk 

10^ 

Saliva 

FHDV 

10^-5 

Bone  marrow,  bovine 

Cox 

PMDV 

lo^-o 

Muscle,  brain 

Cottral 

104.D-5.0 

Blood 

FMDV 

10°*^  to  10^*^ 

Beef,  bovine 

Henderson 

10^*^  to  10^*^ 

Liver 

10^*' 

Kidney 

10^*^ 

Blood 

10°*^  to  10^*® 

Rumen 

10^-®  to  lO^-® 

Lymph  node 

Tlckbome 

-V;  10®*^ 

Goat  milk 

Greslkova 

encephalitis 

&iterovl ruses 

< 10® 

Shellfish 

Denis 

Swine  fever  virus 

10^-'  to  10®-® 

Blood 

Terpstra 
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Table  6.  The  effect  of  temperature  on  nucleic  acids. 


Virus 

Remarks 

Reference 

Foot-and-mouth  disease 
(FHDV) 

Virus  heated  to  61^  and  85^  C 

In  RNase  free  medium  produced 
infectious  nucleic  equivalent  to 
that  produced  by  phenol  extraction 

Bachrach 

EMDV 

o 

Prolonged  Incubation  at  25  C for 

24  hrs  or  37°  C for  8 hrs  resulted 

In  a loss  of  'v  3 logs  of  Infectious 
nucleic  acid 

Brown 

Tobacco  mosaic 
virus  (TMV) 

Loss  of  RNA  biological  activity  oc- 
curs at  moderate  heat  In  marked  con- 
trast to  DNA  which  Is  Inactivated 
with  a high- temperature  coefficient 

Glnoza 

Poliovirus  1 and 

TIW 

v 90%  loss  of  RNA  Infectlvlty  In 
80-120  min  at  65°  C 

Gordon 

'V'  99%  loss  of  RNA  Infectlvlty  In 
40-45  min  at  80°  C 

'V  99%  loss  of  RNA  Infectlvlty  In 
3-5  min  at  100°  C 


Poliovirus  1 

Virus  rapidly  degraded  at  56°  C 
liberating  viral  RNA 

Jordan 

Polioviruses 

Protein  densturatlon  precedes 
dissociation  of  viral  RNA  at  50° 

C 

Heitens 

EEE  and  VEE 

RNA  Inactivated  90%  In  4 hrs 

St  50°  C 

Mika 

Poliovirus 

Heating  RNA  for  5 min  at  60^  C results  i^orman 
in  loss  of  1 log  of  infectlvlty  - virus 
heated  same  procedure  results  in  7 log 
loss  of  infectlvlty 

Poliovirus  mutants 

Variation  In  sensitivity  to  heat 
mutants 

Papaevangelou 

Bacterlophaga 

Heat  (50-60°  C)  inactivation  Is 
accompanied  by  release  of  native 
DNA.  The  molecules  are  Intact  - 
90%  removed  from  virus  in  60  min 
at  60°  C 

Ritchie 
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Table  7.  Viruses  producing  systemic  infections  in  food  animals  (North  America) 
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